SUMMARY
Malfunction of a cloth-covered Starr-Edwards mitral valve prosthesis (6300 series) was suspected because of phonocardiographic abnormalities. A prolonged interval from aortic closure to opening of the mitral ball suggested an impediment to movement of the ball. This was confirmed by catheterization and cinefluorography. At autopsy the impaired ball movement was found to be due to thrombus buildup on the outflow face of the mitral valve orifice. It is suggested that frequent postoperative phonocardiographic observations may be useful in detecting malfunction of valvular prostheses.
Additional Indexing Words: Phonocardiography Surgery TN THE EVOLUTION of improved versions of valvular prostheses for the treatment of heart disease, a cloth-covered Starr-Edwards valve has been developed in hopes of reducing the incidence of thrombus formation and arterial embolism.1 Recent studies have shown that the effective orifice size provided by these devices is less than that of the comparable series of prosthetic valves which are not clothcovered2 resulting in appreciable pressure gradients across the valve.1 3 The present report deals with another complication related to the formation of pseudo-intima on the valve ring resulting in greatly delayed opening of a prosthetic mitral valve. The impaired function of the mitral valve prosthesis after operation was first detected by phonocardiography and verified by cinefluorography. Hemodynamic correlations were made at cardiac catheterization and the mechanical difficulty was identified at autopsy.
Report of Case
The patient, a 29-year-old female, had had acute rheumatic fever at age 10, which was associated with murmurs and congestive failure, and treatment with digitalis and diuretics was started. There was subsequent progressive deterioration in her condition until her admission to North Carolina Memorial Hospital when she was dyspneic on mild exertion, orthopneic, and having attacks of paroxysmal noctural dyspnea. On examination she was in atrial fibrillation with a ventricular rate of 88/min. Blood pressure was 110/40 mm Hg, and venous pressure was not elevated although small v waves could be seen in her neck veins. Her liver was slightly enlarged but not tender or pulsatile, and she was not edematous. There were moist rales at both lung bases. Her heart was enlarged to the anterior axillary line and both right and left ventricles felt hypertrophied. On auscultation in the mitral area, a grade IV/VI, pansystolic murmur extending to the axilla was heard with a third heart sound followed by a II/IV mid-diastolic rumble. The heart weighed 1,000 g. The tricuspid valve was 9.5 cm in circumference. The leaflets were generally opaque and thickened, and the leaflet edges were somewhat rounded. The chordae tendineae were shortened and thickened. The pulmonic valve was normal. Marked right atrial dilatation was present such that the atrial appendage was continuous with this chamber. The right ventricle was markedly hypertrophied, and the myocardial thickness was 11 mm.
The mitral valve area contained a StarrEdwards prosthetic valve which was remarkable in that small amounts of thrombotic material were adherent to both the superior and the inferior surfaces of the annulus. When the ball portion of the valve was introduced against this material, the ball remained briefly adherent to the annular ring, even against gravity.
The aortic valvular area contained a StarrEdwards prosthetic valve which had small amounts of adherent thrombus on its superior surface. The left atrium was moderately dilated and hypertrophied and its myocardium was 4 mm thick. No mural thrombi were present. The left ventricle was moderately dilated and its myocardial thickness was 15 mm at the annulus and 10 mm at the apex. Papillary muscles were hypertrophied, and the endocardial surface was normal.
Microscopic examination of the thrombotic material from the prosthetic mitral valve indicated that it had been deposited recently ( fig. 3 ). It consisted only of cellular blood elements, primarily polymorphonuclear leukocytes and platelets in a fibrin meshwork. There was an early breakdown of the cellular elements, but no evidence of organization of the thrombus. The thrombotic material from the aortic valve, in contrast, showed early organization.
No structural defect in the valvular prosthesis was found by the manufacturer.
Discussion
The cloth-covered modification of the StarrEdwards valve prosthesis (6300 series) was introduced with the objective of reducing the incidence of thrombus formation and arterial embolism which frequently complicates the course of patients with artificial heart valves.4 By completely covering the sewing ring and the cage of the prosthesis with a porous cloth, encapsulation of the valve with autogenous tissue5 6 Phonocardiographic technics have been employed previously to detect malfunction of prosthetic valves by the sounds created by the impact of the ball as it seats itself in the ring on closing or strikes the cage on opening.8 '5 The mitral ball produces a sound on closure which is analogous to the mitral component of the first heart sound, and on opening another sound which corresponds to the opening snap in mitral stenosis.
A certain delay in opening and closing of the mitral valve prosthesis can be attributed to the inertia of the ball.
In reported series ( Although the duration of the preceding P-R interval varied widely owing to the rhythm of atrial fibrillation, there was no correlation between cycle length and degree of prolongation of the interval from aortic ball closure to mitral ball opening. In this respect, the present patient differed from patients with mitral stenosis'6 or some patients with pros- Figure 3 Microscopic appearance of the deposit on the mitral valve. It consists of only cellular blood elements in a fibrin meshwork without any signs of organization or endothelial covering. Hematoxylin and eosin; X 25. Selected frames from cinefluorography showing the delayed movement of the mitral ball. In the first enlarged pair of consecutive frames, above left, the aortic ball is moving to a closed position and the mitral ball is closed at the end of systole. In the next frame, below left, the aortic valve has closed. In the first frame of the second pair, above right, after the passage of 11 frames or 0.18 sec, both ball valves are still in the closed position. In the next frame, below right, after a fuzrther 0.016 sec, the mitral ball is beginning to move to its open position.
Film speed is 60 frames/sec. In previously reported series (table 2) , a range of 0.07 to 0.15 sec for the interval from Ac to mitral ball opening click was found with average figures of 0.11 to 0.12 sec. A shorter interval (0.777 sec) between aortic ball closure and mitral ball opening click was noted by Boicourt and associates" in cases of multiple prosthetic valves.
Although a lengthening of the time interval from aortic closure to the opening snap of the mitral valve following relief of mitral stenosis has long been recognized as a sign of a good surgical result, the usual postoperative 2-OS time is in the range of 0.09 to 0.10 sec.'6 The interval from aortic ball closure to mitral ball opening click in the present case is double this figure (fig. 1) The extraordinary delay in mitral ball opening provided an opportunity to separate it from tricuspid opening in the phonocardiogram to a degree not usually possible. In figure 2 , for instance, the record of precordial movement at the left sternal edge, presumably over the right ventricle, demonstrates a trough (To) followed by an outward movement FW believed to reflect tricuspid opening and right ventricular filling, respectively. The early portion of this filling wave is synchronous with a flow murmur (MDM) which clearly precedes mitral ball opening and therefore must be of tricuspid origin. In contrast to this, the lower tracing in figure 2 
